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CONTROL APPARATUS AND CONTROL METHOD FOR DRIVE APPARATUS OF 



HYBRID VEHICLE 



FIELD OF THE INVENTION 



[0001] The invention relates to a drive apparatus of a hybrid vehicle including 
plural driving force sources. More particularly, the invention relates to a control 
apparatus and a control method which control torque capacity between a motor having a 
torque assist function and an output member. 



BACKGROUND OF THE INVENTION 



[0002] A hybrid drive apparatus includes a motor or a motor/generator in 
addition to an internal combustion engine as a driving source, in order to operate the 

15 internal combustion engine as efficiently as possible. An example of the hybrid drive 
apparatus is disclosed in Japanese Patent Application Publication No. JP-A-9-322307. 
In the hybrid drive apparatus, an internal combustion engine, a motor/generator, and a 
rotation shaft are connected to a planetary gear mechanism which produces a differential 
effect. Torque output from the internal combustion engine is distributed to the 

20 motor/generator and the rotation shaft, that is, reaction force torque is provided by the 
motor/generator, whereby a rotational speed of the internal combustion engine and torque 
output to the rotation shaft are controlled. 

[0003] Accordingly, the internal combustion engine can be controlled so as to 
be operated at an operating point where the optimal fuel efficiency can be achieved, and a 

25 substantial gear ratio can be continuously changed. However, in order to further 
improve efficiency of transmitting power, and to make it possible to achieve various 
operating states, a stepped transmission may be provided on an engine side of an output 
shaft. In the apparatus disclosed in the Japanese Patent Application Publication No. JP- 
A-9-322307, the rotation shaft serves as an input shaft of an automatic transmission in 
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which plural forward speeds can be set using a friction engagement device. 

[0004] . The friction engagement device is configured such that torque capacity 
is changed according to engagement hydraulic pressure. Therefore, in order to perform 
shifting without causing a shock, it is necessary to appropriately control the engagement 
5 hydraulic pressure at the time of shifting transition. Accordingly, in the Japanese Patent 
Application Publication No. JP-A-9-322307, torque of the motor/generator is controlled 
so that an input rotational speed of the automatic transmission is changed according to a 
target rotational speed at the time of shifting. Based on a correction amount of the 
torque input to the input shaft, a duty ratio of a solenoid valve which controls initial 

10 hydraulic pressure of the friction engagement device relating to shifting is corrected. A 
correction amount of the duty ratio is stored so that the initial hydraulic pressure is 
changed at the time of shifting. 

[0005] The shifting in the automatic transmission proceeds as engagement or 
disengagement of the friction engagement device proceeds. In addition, a 

15 predetermined rotational speed such as the input rotational speed is gradually changed at 
the time of shifting. Accordingly, if the actual rotational speed is different from the 
target rotational speed, there is excess or deficiency of the rotational speed when the 
friction engagement device is engaged or disengaged. This is caused by excess or 
deficiency of engagement pressure or disengagement pressure of the friction engagement 

20 device with respect to the torque. Accordingly, in the Japanese Patent Publication 
Application No. JP-A-9-322307, the torque is controlled by the motor/generator so that 
the input rotational speed becomes close to the target rotational speed. As a result, the 
correction amount of the torque of the motor/generator corresponds to the excess or 
deficiency of the engagement pressure or the disengagement pressure of the friction 

25 engagement device. Therefore, the correction amount of the torque is used for 
correcting the initial hydraulic pressure of the friction engagement device. 

[0006] Since the target rotational speed is changed with time when shifting is 
performed, the correction amount of the torque is increased or decreased with time in the 
case where the torque is corrected so that the input rotational speed becomes close to the 
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target rotational speed. Meanwhile, a relationship between specific torque capacity of 
the friction engagement device and hydraulic pressure to be applied to the friction 
engagement device is static. The correction value used for correcting the initial 
hydraulic pressure or initial characteristic of the friction engagement device is an average 
5 value of the correction amounts obtained during shifting, or a value obtained by 
numerical processing. In other words, the average value of the correction values 
obtained when the engagement or disengagement has already proceeded is employed as 
the correction value of the initial hydraulic pressure in an initial stage of engagement or 
disengagement. Therefore, the characteristic of the friction engagement device in the 
10 initial stage of engagement or disengagement cannot be accurately reflected when the 
initial hydraulic pressure is corrected. Thus, torque control using the friction 
engagement device may become different from ideal torque control, and accordingly a 
shock may be caused or a driver may feel that driving force is insufficient. 

15 DISCLOSURE OF THE INVENTION 

[0007] It is an object of the invention to provide a control apparatus and a 
control method for a drive apparatus of a hybrid vehicle, which includes a torque 
transmitting member whose torque capacity is changed according to an engagement 

20 control amount, and which can accurately set a relationship between an engagement 
control amount and the torque capacity in an initial stage when the torque transmitting 
member starts to transmit torque. 

[0008] According to the invention, a relationship between an engagement 
control amount and torque capacity of a torque transmitting member is learned based on a 

25 change in a behavior or a control amount of a motor, which is caused while the 
engagement control amount of the torque transmitting member is changed in a drive 
apparatus of a hybrid vehicle. A first aspect of the invention relates to a control 
apparatus for a drive apparatus of a hybrid vehicle, in which a motor is connected to an 
output member connected to a main power source through a torque transmitting member 



I 

TFN040138-PCT 



whose torque capacity is changed according to an engagement control amount. The 
control apparatus includes maintaining means for maintaining a rotational speed of the 
motor at a predetermined rotational speed; changing means for continuously changing the 
engagement control amount while the maintaining means maintains the rotational speed 
5 of the motor at the predetermined rotational speed; and learning means for learning a 
relationship between output torque of the motor for maintaining the rotational speed of 
the motor at the predetermined rotational speed and the engagement control amount when 
the output torque of the motor reaches a predetermined value while the engagement 
control amount is changed. 

10 [0009] In the control apparatus for a drive apparatus of a hybrid vehicle, when 

the engagement control amount of the torque transmitting member which is provided 
between the motor and the output member is changed while the rotational speed of the 
motor is maintained at the predetermined rotational speed, torque acting on the motor is 
changed, and therefore the output torque necessary for maintaining the rotational speed of 

15 the motor at the predetermined rotational speed is changed. The output torque of the 
motor can be accurately detected, for example, based on an electric current value. Since 
the output torque corresponds to the torque capacity of the torque transmitting member, 
when the output torque of the motor reaches the predetermined value, it is possible to 
accurately learn the relationship between the output torque of the motor and the 

20 engagement control amount, that is, the relationship between the engagement control 
amount and the torque capacity of the torque transmitting member, without being 
influenced by noise or the like. Accordingly, it is possible to accurately learn the 
characteristic of the torque transmitting member in the initial stage of the engagement. 

[0010] The control apparatus for a drive apparatus of a hybrid vehicle may 

25 further include detecting means for detecting initial output torque of the motor while the 
engagement control amount is zero, and the predetermined value may be set to a value 
obtained by adding predetermined torque to the initial output torque detected by the 
detecting means. 

[0011] In this case, since the initial torque of the motor is detected while the 
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engagement control amount is zero, the initial torque is detected as drag torque of the 
torque transmitting member. Therefore, it is possible to accurately detect the drag 
torque of the torque transmitting member. Also, when the output torque of the motor 
exceeds the torque obtained by adding the predetermined value to the drag torque while 
5 the engagement control amount is changed, the relationship between the engagement 
control amount and the torque capacity of the torque transmitting member is learned. 
Therefore, it is possible to accurately learn the initial characteristic of the torque 
transmitting member considering the drag torque. 

[0012] A second aspect of the invention relates to a control method for a drive 

1Q apparatus of a hybrid vehicle in which a motor is connected to an output member 
connected to a main power source through a torque transmitting member whose torque 
capacity is changed according to an engagement control amount. The control method 
includes the steps of maintaining a rotational speed of the motor at a predetermined 
rotational speed; continuously changing the engagement control amount while 

15 maintaining the rotational speed of the motor at the predetermined rotational speed; and 
learning a relationship between output torque of the motor for maintaining the rotational 
speed of the motor at the predetermined rotational speed and the engagement control 
amount when the output torque of the motor reaches a predetermined value while the 
engagement control amount is changed. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and further objects, features and advantages of the 
invention will become apparent from the following description of preferred embodiments 
25 with reference to the accompanying drawings, wherein like numerals are used to 
represent like elements and wherein: 

FIG. 1 is a flow chart showing learning control for detecting a relationship 
between torque and hydraulic pressure; 

FIG. 2 is a time chart in a case where control according to the invention is 
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performed; 

FIG. 3 is a schematic diagram showing a drive apparatus for a hybrid vehicle 
according to the invention; 

FIG 4 is a skeleton diagram showing the drive apparatus for a hybrid vehicle 
according to the invention; and 

FIG 5A and FIG 5B are collinear diagrams relating to the drive apparatus, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] Hereinafter, an embodiment of the invention will be described. As 
shown in FIG 3, in a hybrid drive apparatus according to the embodiment of the 
invention, torque of a main power source (i.e., a first power source) 1 is transmitted to an 
output member 2, and the torque is transmitted from the output member 2 to a drive 
wheel 4 through a differential 3. Meanwhile, an assist power source (i.e., a second 
power source) 5 is provided. The assist power source 5 can output driving force for 
running according to power running control, and regenerate energy according to 
regenerative control. The assist power source 5 is connected to the output member 2 
through a transmission 6. Accordingly, torque transmitted between the assist power 
source 5 and the output member 2 is increased or decreased according to a gear ratio set 
in the transmission 6. 

[0015] The transmission 6 can be configured such that the set gear ratio 
becomes equal to or greater than "1". With this configuration, when the assist power 
source 5 outputs torque at the time of power running, the torque output by the assist 
power source 5 can be increased, and the increased torque can be transmitted to the 
output member 2. Therefore, capacity or size of the assist power source 5 can be made 
small. However, since it is preferable to maintain good operating efficiency of the assist 
power source 5, for example, when the rotational speed of the output member 2 is 
increased according to a vehicle speed, the gear ratio is reduced so as to decrease the 
rotational speed of the assist power source 5. Also, when the rotational speed of the 
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output member 2 is decreased, the gear ratio may be increased. 

[0016] The hybrid drive apparatus will be described more specifically. As 
shown in FIG 4, the main power source 1 mainly includes an internal combustion engine 
(hereinafter, simply referred to as "engine") 10, a motor/generator (hereinafter, referred to 
5 as "first motor/generator" or "MG1") 11, and a planetary gear 12 which serves as a torque 
combining splitting mechanism for combining torque of the engine 10 and torque of the 
first motor/generator 11, and distributing torque to the engine 10 and the first 
motor/generator 11. The engine 10 is a known power device which outputs power by 
burning fuel, such as a gasoline engine or a diesel engine. An operating state of the 
10 engine 10, such as a throttle valve opening degree (an intake air amount), a fuel supply 
amount, and ignition timing, can be electrically controlled. The control thereof is 
performed, for example, by an electronic control unit (E-ECU) 13 which mainly includes 
a microcomputer. 

[0017] An example of the first motor/generator 11 is a permanent magnetic 
15 synchronous motor. The first motor/generator 11 functions both as the motor and the 
generator. The first motor/generator 11 is connected, through an inverter 14, to an 
electric power storage device 15 such as a battery. By controlling the inverter 14, the 
output torque or regenerative torque of the first motor/generator 1 1 is appropriately set. 
In order to perform this control, an electronic control unit (MG1-ECU) 16 which mainly 
20 includes a microcomputer is provided. A stator (not shown) of the first motor/generator 
1 1 is fixed, and is not rotated. 

[0018] Further, the planetary gear mechanism 12 is a known gear mechanism 
which includes three rotating elements, and which produces a differential effect. The 
three rotating elements are a sun gear 17 which is an external gear; a ring gear 18 which 
25 is an internal gear provided concentrically with the sun gear 17; and a carrier 19 which 
maintains a pinion that is engaged with the sun gear 17 and the ring gear 1 8 such that the 
pinion can be rotated around an axis thereof, and can move around the sun gear 17. The 
output shaft of the engine 10 is connected, through a damper 20, to the carrier 19 which is 
a first rotating element. In other words, the carrier 1 9 serves as an input element. 
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[0019] Meanwhile, the rotor (not shown) of the first motor/generator 1 1 is 
connected to the sun gear 17 which is a second rotating element. Accordingly, the sun 
gear 17 serves as a reaction force element. Also, the ring gear 18 which is a third 
rotating element .serves as an output element. The ring gear 18 is connected to the 
5 output member (i.e., the output shaft) 2. 

[0020] In the example shown in FIG 4, the transmission 6 includes one set of 
Ravigneaux type planetary gear mechanism. That is, a first sun gear (SI) 21 and a 
second sun gear (S2) 22 are provided. Each of the first sun gear 21 and the second sun 
gear 22 is an external gear. A first pinion 23 is engaged with the first sun gear 21. A 

10 second pinion 24 is engaged with the first pinion 23. The second pinion 24 is engaged 
with a ring gear (R) 25 which is provided concentrically with each of the sun gears 21 
and 22. A carrier (C) 26 maintains each of the pinions 23 and 24 such that each of the 
pinions 23 and 24 can be rotated around the axis thereof, and can be moved around the 
sun gear. The second sun gear 22 is engaged with the second pinion 24. Accordingly, 

15 the first sun gear 21, the ring gear 25, and the pinions 23 and 24 constitute a mechanism 
equivalent to a double pinion type planetary gear mechanism. The second sun gear 22, 
the ring gear 25, and the second pinion 24 constitute a mechanism equivalent to a single 
pinion planetary gear mechanism. 

[0021] A first brake Bl which selectively fixes the first sun gear 21 is provided. 

20 A second brake B2 which selectively fixes the ring gear 25 is provided. Each of the 
brakes Bl and B2 is a so-called friction engagement device which produces engagement 
force using frictional force. As the brakes Bl and B2, multiple disc type engagement 
devices, or band type engagement devices may be employed. Torque capacity of each 
of the brakes Bl and B2 is continuously changed according to the engagement force 

25 caused by hydraulic pressure. Also, the assist power source 5 is connected to the second 
sun gear 22, and the carrier 26 is connected to the output shaft 2. Further, a parking gear 

37 which fixes the output shaft 2 so that a vehicle is maintained in a parked state is fitted 
to the output shaft 2. Also, a parking lock pole 38 is provided. The parking lock ball 

38 is engaged with the parking gear 37 so as to stop the rotation thereof when a parking 
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position is selected by a shifting device (not shown). 

[0022] Accordingly, in the aforementioned transmission 6, the second sun gear 
22 serves as a so-called input element, and the carrier 26 serves as an output element. 
When the first brake Bl is engaged, a high shift speed is achieved at the gear ratio that is 
5 equal to or greater than "1". When the second brake B2 is engaged instead of the first 
brake Bl, a low shift speed is achieved at the gear ratio that is greater than the gear ratio 
at which the high shift speed is achieved. Shifting between the shift speeds is performed 
based on a running state such as a vehicle speed or required driving force (or the 
accelerator angle). More specifically, a shift speed region is defined in advance as a 

10 map (shift diagram), and control is performed such that one of the shift speeds is 
achieved according to the detected running state. In order to perform this control, an 
electronic control unit (T-ECU) 27 which mainly includes a microcomputer is provided. 

[0023] In the example shown in FIG 4, as the assist power source 5, a 
motor/generator (hereinafter, referred to as "second motor/generator" or "MG2") is 

15 employed. This motor/generator 5 can output torque for power running, and can 
regenerate energy. An example of the second motor/generator 5 is a permanent 
magnetic synchronous motor. The rotor (not shown) thereof is connected to the second 
sun gear 22. Further, the second motor/generator 5 is connected to a battery 29 through 
an inverter 28. The inverter 28 is controlled by an electronic control unit (MG2-ECU) 

20 30 which mainly includes a microcomputer, whereby power funning and energy 
regeneration are controlled, and torque at the time of power running and torque at the 
time of energy regeneration are controlled. The battery 29 and the electronic control 
unit 30 can be integrated with the battery (electric power storage device) 15 and the 
electronic control unit 16. Also, a stator (not shown) of the second motor/generator 5 is 

25 fixed, and is not rotated. 

[0024] FIG. 5A is a collinear diagram relating to the single pinion type 
planetary gear mechanism 12 which serves as the aforementioned torque combining 
splitting mechanism. When the reaction torque of the first motor/generator 11 is input 
to the sun gear (S) 17 against the torque input to the carrier (C) 19 from the engine 10, the 
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torque input to the carrier (C) 1 9 is increased or decreased according to the torque input 
to sun gear (S) 17 and the gear ratio of the planetary gear mechanism 12, and the resultant 
torque is output from the ring gear (R) 1 8 which is the output element. In this case, the 
rotor of the first motor/generator 1 1 is rotated by the torque, and the first motor/generator 
5 11 functions as the generator. Also, when the rotational speed (output rotational speed) 
of the ring gear 18 is maintained at a constant value, the rotational speed of the engine 10 
can be continuously changed by increasing or decreasing the rotational speed of the first 
motor/generator 1 1 . That is, the rotational speed of the engine 10 can be set to an engine 
rotational speed at which the fuel efficiency becomes optimal by controlling the first 

1 0 motor/generator 11. 

[0025] Further, as shown by a chain line in FIG 5 A, when the engine 10 is 
stopped while the vehicle is running, the first motor/generator 1 1 is rotated in a reverse 
direction. When the first motor/generator 1 1 is caused to function as the motor and to 
output torque in a normal rotational direction thereafter, torque is applied to the output 

15 shaft of the engine 10 which is connected to the carrier 19 so that the output shaft is 
rotated in the normal rotational direction. Accordingly, the engine 10 can be started 
(motoring or cranking can be performed) by the first motor/generator 11. In this case, 
torque is applied to the output shaft 2 in such a direction as to stop the rotation thereof. 
Accordingly, the driving torque for running can be maintained by controlling the torque 

20 output from the second motor/generator 5, and the engine 10 can be smoothly started at 
the same time. This hybrid type is referred to as "mechanical split type" or "split type". 

[0026] FIG 5B is a collinear diagram relating to the Ravigneaux type planetary 
gear mechanism constituting the transmission 6. That is, when the ring gear 25 is fixed 
by the second brake B2, a low speed L is achieved. The torque output from the second 

25 motor/generator 5 is amplified according to the gear ratio, and the amplified torque is 
applied to the output shaft 2. Meanwhile, when the first sun gear 21 is fixed by the first 
brake Bl, a high speed H is achieved at the gear ratio which is less than the gear ratio at 
which the low speed L is achieved. The gear ratio at which the high speed H is achieved 
is also greater than "1". Therefore, the torque output from the second motor/generator 5 
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is increased according to the gear ratio, and the increased torque is applied to the output 
shaft 2. 

[0027] While the shift speed is set to the low speed L or high speed H in a 
steady state, the output torque of the second motor/generator 5 is increased according to 
5 the gear ratio, and the increased torque is applied to the output shaft 2. However, in a 
shift transition state, the torque applied to the output shaft 2 is influenced by the torque 
capacity of the brake Bl or B2, inertia torque caused by a change in the rotational speed, 
and the like. The torque applied to the output shaft 2 is positive torque when the second 
motor/generator 5 is in a driving state. The torque applied to the output shaft 2 is 

10 negative torque when the second motor/generator 5 is in a driven state. 

[0028] The aforementioned hybrid drive apparatus includes two power sources, 
that are, the main power source 1 and the assist power source 5. Therefore, these two 
power sources are effectively used so as to improve fuel efficiency and to reduce the 
amount of exhaust gas while the vehicle runs. Also, even in a case where the engine 10 

15 is driven, the rotational speed of the engine 10 is controlled using the first 
motor/generator 1 1 so that the fuel efficiency becomes optimal. Further, during coasting, 
inertia energy of the vehicle is recovered to generate electric power. In a case where the 
second motor/generator 5 is driven for torque assist, when the vehicle speed is low, the 
shift speed is set to the low speed L in the transmission 6, and the torque applied to the 

20 output shaft 2 is increased. When the vehicle speed has become high, the shift speed is 
set to the high speed H in the transmission 6, and the rotational speed of the second 
motor/generator 5 is relatively decreased so as to reduce loss, whereby torque assist is 
efficiently performed. 

[0029] The aforementioned hybrid vehicle can run using power produced by 

25 the engine 10. Also, the hybrid vehicle can run using the engine 10 and the second 
motor/generator 5. Further, the hybrid vehicle can run using only the second 
motor/generator 5. One of these running modes is selected based on required driving 
force, the vehicle speed, and the like. For example, when a charge amount of the battery 
is sufficient, and the required driving force is relatively small, or when a mode for taking 
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off quietly is manually selected, the running mode in which the vehicle runs using the 
second motor/generator 5 like an electric vehicle (hereinafter, referred to as "EV 
running") is selected, and the engine 10 is stopped. For example, when the accelerator 
pedal is depressed to a large extent thereafter, and the required driving force is increased, 
5 when the charge amount of the battery is decreased, or when the mode for taking off 
quietly is manually changed to a mode for normal running, the engine 10 is started, and 
the running mode in which the vehicle runs using the engine 10 (hereinafter, referred to 
as "E/G running") is selected. 

[0030] Meanwhile, the shift speed in the transmission 6 is set by changing the 

10 engagement/disengagement state of each of the first brake Bl and the second brake B2, 
as described above. Each of the first brake Bl and the second brake B2 is 
engaged/disengaged by controlling hydraulic pressure supplied to each of the first brake 
Bl and the second brake B2 according to the torque transmitted by the transmission 6. 
,A relationship between the torque transmitted by the transmission 6 and the hydraulic 

15 pressure is stored in a form of a map. Accordingly, in order to perform shifting quickly 
or by the minimum hydraulic pressure, it is necessary to correctly detect the relationship 
between the torque transmitted by the transmission 6 and a hydraulic pressure command 
value. Therefore, control described below is performed.. 

[0031] FIG 1 is a flowchart showing learning control for detecting the 

20 relationship between the torque and the hydraulic pressure command value. This 
control is performed when the torque of the second motor/generator does not need to be 
transmitted, for example, when a parking position is selected as a running range. Also, 
this learning control may be performed when the vehicle is adjusted on a production line. 
[0032] First, a target rotational speed of feedback control is set so that the 

25 rotational speed of the second motor/generator 5 becomes equal to the predetermined 
target rotational speed (step S01). This target rotational speed is set to a predetermined 
point on a shift diagram. Plural target rotational speeds may be set. 

[0033] Then, control of the rotational speed of the second motor/generator 5 is 
started (step S02). When the rotational speed of the second motor/generator 5 becomes 
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equal to the target rotational speed after the control of the rotational speed is started, 
motor torque Tmini is detected and stored (step S03). This motor torque Tmini is 
equivalent to drag torque of the brake, and can be obtained based on a value of electric 
current flowing in the second motor/generator 5. In other words, it is possible to detect 
5 the motor torque when the hydraulic pressure command value is zero, that is, the motor 
torque when the brake Bl (or B2) is disengaged. Since the torque Tmini constantly 
fluctuates, an average value may be obtained at predetermined time intervals, or 
smoothing processing such as filter processing may be performed. 

[0034] After the control of the rotational speed of the second motor/generator 5 

10 is started, and the rotational speed becomes stable, the engagement of the brake Bl (or 
B2) is started. More specifically, the hydraulic pressure supplied to the brake Bl (or 
B2) starts to be increased (step S04). Thus, motor torque Tminig output from the 
second motor/generator 5 starts to be increased. That is, when the hydraulic pressure is 
supplied to the brake Bl (or B2), a pack clearance which has been generated in the brake 

15 Bl (or B2) is gradually reduced (gradually becomes small), and accordingly the torque 
transmitted through lubricating oil between friction surfaces, that is, the drag torque is 
increased, which leads to an increase in the motor torque Tminig. 

[0035] Then, it is determined whether the motor torque Tminig exceeds a value 
obtained by a predetermined value a to the motor torque Tmini (step SOS). The 

20 predetermined value a is an expected value of an increase amount of the motor torque 
when the brake Bl starts to transmit the torque. The predetermined value a is obtained 
in advance through experiments or calculation. Since this predetermined value a is 
considered, it can be determined whether the engagement of the brake Bl (or B2) has 
been started while preventing influence of production deviation, noise, or the like. 

25 Since this motor torque Tminig constantly fluctuates, the average value may be obtained 
at predetermined time intervals, or smoothing processing such as filter processing may be 
performed. 

[0036] When a negative determination is made in. step S05, no particular 
process is performed, and the routine is finished. Then, the motor torque Tminig 



I 1 

14 TFN040138-PCT 

continues to be increased until an affirmative determination is made in step S05. 
Meanwhile, when an affirmative determination is made in step SOS, that is, when the 
engagement of the brake Bl (or B2) has been completed, a hydraulic pressure command 
value Pbt at this time point is detected (step S06). Thus, necessary torque when the 
5 brake Bl (or B2) is engaged can be detected. This control is performed for the brake Bl 
first, and then the control is performed for the brake B2. However, the control may be 
performed for the brake B2 first, and then the control may be performed for the brake Bl . 

[0037] Since the control is performed, two sets of values can be calculated. 
That is, necessary hydraulic pressure when the brake Bl is disengaged and necessary 

10 hydraulic pressure when the brake Bl is engaged, and necessary hydraulic pressure when 
the brake B2 is disengaged and necessary hydraulic pressure when the brake B2 is 
engaged are calculated. Based on the two sets of the values, the T-ECU 27 renews a 
torque - hydraulic pressure conversion map which is stored in the T-ECU 27 (step S07). 
Then, learning is finished (step S08). 

15 [0038] Next, a change with time in the aforementioned embodiment will be 

described. FIG 2 is a time chart showing a change with time. First, learning is started 
(a time point A), and the target rotational speed of the second motor/generator 5 is set 
(this process corresponds to step S01). When the second motor/generator 5 starts to be 
rotated (this process corresponds to step S02), the motor torque during this time period is 

20 detected (this process corresponds to step S03, from the time point A to a time point B). 
The detected torque is drag torque. 

[0039] After the hydraulic pressure command value for the brake Bl (or B2) is 
gradually increased from zero (this process corresponds to step S04, the time point B), 
the motor torque starts to be increased in accordance with the engagement hydraulic 

25 pressure command value. This increase in the motor torque is caused mainly by the 
drag torque. When the engagement proceeds (from the time point B to a time point C), 
and the motor torque reaches a value obtained by adding the predetermined value a to the 
drag torque, that is, a predetermined torque transmission point that has been obtained in 
advance through experiments or calculation (this process corresponds to step S05, the 
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time point C), the hydraulic pressure command value Pbt at this time point is stored (this 
process corresponds to step S06). During this time period, that is, during a time period 
from the time point B to the time point C, the rotational speed of the second 
motor/generator 5 is maintained at a constant value. 
5 [0040] After the hydraulic pressure command value is stored, the hydraulic 

command value is set to zero, and the target rotational speed of the motor is set to zero. 
Then, the control is finished (from the time point C to a time point D). 

[0041] As has described so far, when an engagement control amount of the 
brake Bl (or B2) that is provided between the second motor/generator 5 and the output 

10 shaft is changed while the rotational speed of the second motor/generator 5 is maintained 
at the predetermined rotational speed, torque acting on the second motor/generator 5 is 
changed, and therefore, torque necessary for maintaining the rotational speed is changed. 
The output torque of the second motor/generator 5 can be accurately detected, for 
example, based on the electric current value. Since the output torque corresponds to the 

15 torque capacity of the brake Bl (or B2), when the output torque of the second 
motor/generator 5 reaches the predetermined value, it is possible to learn the relationship 
between the output torque of the motor/generator 5 and the engagement control amount, 
that is, the relationship between the torque capacity of the brake Bl (or B2) and the 
engagement control amount, without being influenced by noise or the like. Accordingly, 

20 it is possible to accurately learn the characteristic of the brake Bl (or B2) during the 
initial state of the engagement. 

[0042] Also, since the initial torque of the second motor/generator 5 is detected 
while the engagement control amount is zero, the initial torque is detected as the drag 
torque of the brake B2 (or B2). Therefore, it is possible to accurately detect the drag 

25 torque of the brake Bl (or B2). Also, when the output torque of the second 
motor/generator 5. exceeds the torque obtained by adding the predetermined value to the 
drag torque while the engagement control amount is changed, the relationship between 
the engagement control amount and the torque capacity of the brake Bl (or B2) is learned. 
Therefore, it is possible to accurately learn the initial characteristic of the brake Bl (or 
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B2) considering the drag torque. 

[0043] In the aforementioned embodiment of the invention, functional means 
in step S02 can be regarded as "maintaining means", and functional means in step S04 
can be regarded as "changing means". Also, functional means in step S06 can be 
regarded as "learning means", and functional means in step S03 can be regarded as 
"detecting means". 
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CLAIMS: 

1 . A control apparatus for a drive apparatus of a hybrid vehicle, in which a motor 
is connected to an output member connected to a main power source through a torque 
transmitting member whose torque capacity is changed according to an engagement 

5 control amount, comprising: 

maintaining means for maintaining a rotational speed of the motor at a 
predetermined rotational speed; 

changing means for continuously changing the engagement control amount 
while the maintaining means maintains the rotational speed of the motor at the 
10 predetermined rotational speed; and 

learning means for learning a relationship between output torque of the motor 
for maintaining the rotational speed of the motor at the predetermined rotational speed 
and the engagement control amount when the output torque of the motor reaches a 
predetermined value while the engagement control amount is changed. 

15 

2. The control apparatus according to claim 1, further comprising: 

detecting means for detecting initial output torque of the motor while the 
engagement control amount is zero, and the predetermined value is set to a value obtained 
by adding predetermined torque to the initial output torque detected by the detecting 
20 means. 

3. The control apparatus according to claim 2, wherein the detecting means 
detects output torque when the rotational speed of the motor becomes equal to the 
predetermined rotational speed, as the initial output torque. 

25 

4. The control apparatus according to any one of claims 1 to 3, wherein the 
relationship between the output torque of the motor and the engagement control amount 
is learned at at least one of a time when a parking position is selected as a running range 
in the hybrid vehicle, and a time when the hybrid vehicle is adjusted on a production line. 



) 
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5. A control method for a drive apparatus of a hybrid vehicle in which a motor is 
connected to an output member connected to a main power source through a torque 
transmitting member whose torque capacity is changed according to an engagement 
5 control amount, comprising the steps of: 

maintaining a rotational speed of the motor at a predetermined rotational speed; 
continuously changing the engagement control amount while maintaining the 
rotational speed of the motor at the predetermined rotational speed; and 

learning a relationship between output torque of the motor and the engagement 
10 control amount when the output torque of the motor for maintaining the rotational speed 
of the motor at the predetermined rotational speed reaches a predetermined value while 
the engagement control amount is changed. 

6. A control apparatus for a drive apparatus of a hybrid vehicle, in which a motor 
15 is connected to an output member connected to a main power source through a torque 
transmitting member whose torque capacity is changed according to an engagement 
control amount, comprising: 

a first control device which maintains a rotational speed of the motor at a 
predetermined rotational speed; 
20 a second control device which continuously changes the engagement control 

amount while the first control device maintains the rotational speed of the motor at the 
predetermined rotational speed; and 

a third control device which learns a relationship between output torque of the 
motor for maintaining the rotational speed of the motor at the predetermined rotational 
25 speed and the engagement control amount when the output torque of the motor reaches a 
predetermined value while the engagement control amount is changed. 
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ABSTRACT 

A control method for a drive apparatus of a hybrid vehicle in which an assist 
power source is connected to an output member connected to an engine through a 
5 transmission whose torque capacity is changed according to an engagement control 
amount includes the steps of maintaining a rotational speed of the assist power source at a 
predetermined rotational speed (step S02); continuously changing the engagement control 
amount while maintaining the rotational speed of the assist power source at the 
predetermined rotational speed (step S04); and learning a relationship between output 
10 torque of the assist power source for maintaining the rotational speed of the assist power 
source and the engagement control amount when the output torque of the assist power 
source reaches a predetermined value while the engagement control amount is changed 
(step S06). 

15 Selected drawing: FIG 1 
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